Background
==========

Gastric cancer is one of the most common gastrointestinal cancers in encountered in clinical practice, and it seriously threatens human health. The latest statistics show that the incidence of gastric cancer ranks fourth among all malignant tumors worldwide, and the mortality rate of gastric cancer has jumped to third place \[[@b1-medscimonit-25-1537],[@b2-medscimonit-25-1537]\]. In the United States, the incidence of gastric cancer in males increased by 20% in 2016 compared with that of female patients, and the mortality rate was 40% higher than that of female patients \[[@b3-medscimonit-25-1537]\]. In recent years, with the application of early gastroscopy and timely surgical intervention, the 5-year survival rate of Chinese gastric cancer patients has been significantly improved. However, for advanced gastric cancer, the 5-year survival rate of gastric cancer is still as high as 50% \[[@b4-medscimonit-25-1537]\]. A large number of studies have shown that non-coding RNA can play a role in regulating the occurrence and development of gastric cancer \[[@b5-medscimonit-25-1537]--[@b7-medscimonit-25-1537]\].

Non-coding RNA is a class of single-stranded RNA that does not encode protein. It can be divided into 2 categories according to its length: One is the RNA family with a length of more than 50 bases, including lncRNA, small nuclear kernels RNA, circRNA, transporters RNA (tRNA) and ribosome RNA (rRNA) \[[@b8-medscimonit-25-1537]\]; The other is RNA family with a length of less than 50 bases, including microRNA, small interfering RNA (siRNA) and PIWI interacting with RNA (piRNA) \[[@b9-medscimonit-25-1537]\], At present, most researchers focus their attention on the 2 molecules of miRNA and lncRNA. The relative study found that lncRNA HOTAIR could improve chondrosarcoma cancer proliferation by regulation miR-454-3p \[[@b10-medscimonit-25-1537]\]. However, it has been unclear that the effects of lncRNA HOTAIR and the correlation between lncRNA HOTAIR and miR-454-3p in gastric cancer. In this study, we found that lncRNA HOTAIR and miR-454-3p were abnormal and negative correlation in gastric cancer tissues, miR-454-3p increased after HOTAIR down-regulation, and its overexpression inhibited gastric cancer cell lines (AGS and SGC7901) growth via suppressing STAT3/Cyclin D1 pathway.

Material and Methods
====================

Clinical sample
---------------

30 pairs of gastric cancer tissues and adjacent normal tissues which from gastric cancer patients who were treated in the Second Affiliated Hospital of Anhui Medical University were collected from 2016. 11 to 2017. 10. The gastric cancer patients didn't receive anti-tumor treatment before surgery. The patients signed informed consents written in the light of the ethical guidelines. The tissues were fixed in the 4% polyoxymethylene until using.

Cell culture and main reagents
------------------------------

The gastric cancer cell lines AGS and SGC7901 cells (ATCC, USA) were cultured by RPMI1640 medium (Gibco, USA) with 10% fetal bovine serum (FBS) (Gibco, USA) in a humidified atmosphere at 37°C with 5% CO~2~. The anti-STAT3, anti-Cyclin D1 and anti-GAPDH were purchased from Abcam (Cambridge, UK). lncRNA HOTAIR and miR-454-3p *in situ* hybridization (ISH) kits were purchased from Boster (Wuhan, China). siHOTAIR and negative control (siNC) were from GenePharma (Suzhou, China). RiboBio (Guangzhou, China) provided miRNA mimics and inhibitors. Using Lipofectamine3000 (Invitrogen, USA) to transfect miRNA into AGS and SGC7901 cells. miR-454-3p stably expressed AGS and SGC7901 cells were infected with the lentivirus and selected with puromycin.

ISH assay
---------

The gastric cancer and adjacent normal tissues were fixed in 4% polyoxymethylene for at least 48 h, followed by dehydration in gradient ethanol, transparentizing in xylene, paraffin-embedded, and cut into 5-μm sections. Then, sections were heated at 60°C, using 10 μg/ml protease K to remove protein, and the hybrid was incubated at 37°C for 2 h. After that, the lncRNA HOT, miR-454-3p, U6, and scramble probes were diluted to 40 nM by hybridization solution. To every section, we added 20 μl solution containing probes. Using cover film, hybridization was performed for 20 h at 30°C. Staining was performed using DAB kits and hematoxylin. The, we performed gradient ethanol dehydration, xylene transparentizing, and neutral gum sealing. We measured the IOD of lncRNA HOTAIR and miR-454-3p in different sections using the Image-pro Plus image analysis system.

Immunohistochemistry (IHC) assay
--------------------------------

The sections were placed in the 60°C oven to bake for 60 min. The sections were placed in xylene solution to dewax, and then were subjected to gradient dehydration in ethanol solution. We added 3% deionized water with hydrogen peroxide to all sections to close, cultured at room temperature for 15 min, and then subjected to high-pressure heat repair. Immunological goat serum working fluid was added drop by drop to culture at 37°C for 40 min to remove nonspecific staining. To every section, we added STAT3 (1: 500) antibody or cyclin D1 (1: 500) to culture at 4°C overnight. After that, biotinylated goat anti-mouse IgG/rabbit IgG was added to culture for 30 min at 37°C. Then, we added SABC drop by drop to culture at 37°C for 30 min. A DAB kit and hematoxylin were used for staining. The Image-pro Plus image analysis system was used to measure the IOD of STAT3 and Cyclin D1 proteins expressions in different sections.

Cell culture and grouping
-------------------------

AGS and SGC7901 cells were cultured with RPMI1640 medium (Gibco, USA) with 10% fetal bovine serum (FBS) (Gibco, USA) in a humidified atmosphere at 37°C with 5% CO~2~. The AGS and SGC7901 cells were divided into 4 groups: the siNC group was transfected with negative control; the siHOTAIR group was transfected with siHOTAIR which was knocked down lncRNA HOTAIR; the miR-454-3p group was transfected with miR-454-3p, and the and siHOTAIR+miR-454-3p inhibitor group was transfected with siHOTAIR and miR-454-3p.

CCK-8 assay
-----------

AGS or SGC7901 cells in logarithmic growth phase in the 4 groups were collected and we adjusted the cell concentration to 4×10^4^ cell/ml. For routine culturing, we added 100 μl cell fluid to every well in a 96-well plate and placed it in an incubator (37°C, 5% CO~2~). At 0 h and 48 h, we added 10 μl CCK-8 solution to every well, followed by culturing in an incubator for 1 h, measuring the absorbance (A) at 450 nm, and evaluating the cell proliferation of different groups.

Cell apoptosis by flow cytometry
--------------------------------

AGS or SGC7901 cells of different groups were collected in logarithmic growth phase and washed in PBS 2 times, removing the supernatant by centrifuging at 1000 rpm for 5 min every time. The cell concentration was adjusted to 5×10^5^. After adding 100 μl binding buffer to the cell suspension, 5 μl Annexin V-PE and 5 μl 7-AAD were added. Following reaction at room temperature for 15 min in the dark, 400 μl binding buffer was added to measure cell apoptosis by flow cytometry.

Cell cycle by flow cytometry
----------------------------

AGS or SGC7901 cells of different groups were collected at logarithmic growth phase and washed twice in PBS, then the supernatant was removed at 1000 rpm for 5 min each time. We added 3 ml precooled ethanol into tubes for fixation at 4°C overnight. We collected 1×10^6^ cells by centrifuge at 1000 rpm for 5 min to remove supernatant, followed by washing twice in PBS to wash for 2 times, and removed the supernatant. Ten μl RNaseA was added into every tube to culture at 37°C for 30 min, 400 μl PI was added to color and react at 4°C for 30 min in the dark. After that, the cell cycle was detected by flow cytometry.

Western blot assay
------------------

The total protein of each group was extracted according to the specifications of the protein extraction kit. We separated 100--350 μg total protein by 10% SDS-PAGE, followed by transfer to a polyvinylidene fluoride (PVDF) membrane, closed by no-fat milk for 1 h. We used STAT3 (1: 1000) or Cyclin D1 (1: 1000) antibody to culture at 4°C overnight, then used TBST to wash 3 times, using second antibody (1: 1000) to culture overnight at 4°C. TBST was used to wash 3 times, using Odyssey 3.0 to assess scavenging and development.

Luciferase reporter assay
-------------------------

This assay was performed as previously described \[[@b11-medscimonit-25-1537]--[@b13-medscimonit-25-1537]\].

Statistical analysis
--------------------

SPSS 22.0 statistical software was used to analyze the data in our study, and data are shown as mean ±SD (standard deviation). Data were analyzed with the 2-sample *t* test and ANOVA with LSD post hoc test. P\<0.05 was considered as statistically significant.

Results
=======

HOTAIR and miR-454-3p expression in different tissues
-----------------------------------------------------

To evaluate HOTAIR and miR-454-3p expression, we used ISH assay. The results show that HOTAIR expression of cancer tissues was significantly increased compared with that of non-tumor tissues (P\<0.001, [Figure 1A](#f1-medscimonit-25-1537){ref-type="fig"}), while miR-454-3p expression of cancer tissues was significantly decreased compared with that of non-tumor tissues (P\<0.001, [Figure 1B](#f1-medscimonit-25-1537){ref-type="fig"}). The results are shown in [Figure 1](#f1-medscimonit-25-1537){ref-type="fig"}.

STAT3 and Cyclin D1 protein expression in different groups
----------------------------------------------------------

IHC assay showed that STAT3 ([Figure 2A](#f2-medscimonit-25-1537){ref-type="fig"}) and Cyclin D1 ([Figure 2B](#f2-medscimonit-25-1537){ref-type="fig"}) protein expressions were significantly upregulated in cancer tissues compared with STAT3 and Cyclin D1 protein expressions in non-tumor tissues (P\<0.001, respectively). The results are shown in [Figure 2](#f2-medscimonit-25-1537){ref-type="fig"}.

The correlation of clinical data
--------------------------------

Correlation analysis showed that lncRNA HOTAIR was negatively correlated with miR-454-3p (r=−0.4893, P\<0.0001), and lncRNA HOTAIR was positively correlated with STAT3 and Cyclin D1 protein expressions (r=0.3416, P\<0.001; r=0.3630, P\<0.001) in gastric cancer tissues. The results are shown in [Figure 3](#f3-medscimonit-25-1537){ref-type="fig"}.

The cell proliferation rate of different groups
-----------------------------------------------

Compared with the siNC group, the cell proliferation rate of siHOTAIR groups were significantly suppressed in AGS (P\<0.01, [Figure 4A](#f4-medscimonit-25-1537){ref-type="fig"}) and SGC7901 (P\<0.01, [Figure 4B](#f4-medscimonit-25-1537){ref-type="fig"}) cells. Meanwhile, the cell proliferation rate of miR-454-3p groups were significantly depressed compared with that of the siNC group in AGS (P\<0.01, [Figure 4A](#f4-medscimonit-25-1537){ref-type="fig"}) and SGC7901cells (P\<0.01, [Figure 4B](#f4-medscimonit-25-1537){ref-type="fig"}). However, there were no significant differences between siHOTAIR and miR-454-3p groups in AGS and SGC7901 cells (P\>0.05, all), and there were no significant differences between siNC and siHOTAIR+miR-inhibitor groups in AGS and SGC7901 cells (P\>0.05, respectively). The results are shown in [Figure 4](#f4-medscimonit-25-1537){ref-type="fig"}.

The cell apoptosis rates of different groups
--------------------------------------------

Compared with the siNC group, the cell apoptosis rate of siHOTAIR groups were significantly increased in AGS (P\<0.01, [Figure 5A](#f5-medscimonit-25-1537){ref-type="fig"}) and SGC7901cells (P\<0.01, [Figure 5B](#f5-medscimonit-25-1537){ref-type="fig"}). The cell proliferation rates of miR-454-3p groups were significantly upregulated compared with that of the siNC group in AGS (P\<0.01, [Figure 5A](#f5-medscimonit-25-1537){ref-type="fig"}) and SGC7901 cells (P\<0.01, [Figure 5B](#f5-medscimonit-25-1537){ref-type="fig"}). However, there were no significant differences between siHOTAIR and miR-454-3p groups in AGS and SGC7901 cells (P\>0.05, respectively) in cell apoptosis, and there were no significant differences between siNC and siHOTAIR+miR-inhibitor groups in AGS and SGC7901 cells (P\>0.05, respectively) in cell apoptosis. The results are shown in [Figure 5](#f5-medscimonit-25-1537){ref-type="fig"}.

The cell cycle of different groups
----------------------------------

Compared with the siNC group, the G1 phase rates of siHOTAIR groups were significantly increased in AGS (P\<0.01, [Figure 6A](#f6-medscimonit-25-1537){ref-type="fig"}) and SGC7901 (P\<0.01, [Figure 6B](#f6-medscimonit-25-1537){ref-type="fig"}) cells. Meanwhile, the G1 phase rates of miR-454-3p groups were significantly upregulated compared with that of the siNC group in AGS (P\<0.01, [Figure 6A](#f6-medscimonit-25-1537){ref-type="fig"}) and SGC7901 (P\<0.01, [Figure 6B](#f6-medscimonit-25-1537){ref-type="fig"}) cells. However, there were no significant differences between siHOTAIR and miR-454-3p groups in AGS and SGC7901 cells (P\>0.05, respectively) in G1 phase rate, and there were no significant differences between siNC and siHOTAIR+miR-inhibitor groups in AGS and SGC7901 cells (P\>0.05, respectively) in G1 phase rate. The results are shown in [Figure 6](#f6-medscimonit-25-1537){ref-type="fig"}.

HOTAIR knockdown affects relative protein expression
----------------------------------------------------

Western blot analysis showed that STAT3 and Cyclin D1 protein expressions of siHOTAIR groups were significantly suppressed compared with those of siNC groups (P\<0.01, [Figure 7A, 7B](#f7-medscimonit-25-1537){ref-type="fig"}), and STAT3 and Cyclin D1 protein expressions of the miR-454-3p group were significantly depressed compared with those of siNC groups (P\<0.01, [Figure 7A, 7B](#f7-medscimonit-25-1537){ref-type="fig"}). The results are shown in [Figure 7](#f7-medscimonit-25-1537){ref-type="fig"}.

Double luciferase test
----------------------

In STAT3-3′-UTR-WT, the relative luciferase activity in the miR-454-3p group was significantly suppressed compared with that of the miR-control group (P\<0.001, [Figure 8](#f8-medscimonit-25-1537){ref-type="fig"}). There were no significant differences between miR-control and miR-454-3p groups in STAT3-3′-UTR-Mul. These results suggest that STAT3 is the target gene of miR-454-3p.

Discussion
==========

Recent studies have shown that lncRNA is a non-coding RNA of about 200 bases in length, and participates in all processes related to mRNA from transcription to mRNA splicing, RNA degradation, and translation. lncRNA can affect epigenetic information and participate in the occurrence and progression of malignant tumors by regulating chromatin modification. HOTAIR is a lncRNA more than 2158 bases in length, and it plays a role in trans-silencing. HOTAIR collects a series of complex protein complexes to regulate the oncogene and tumor suppressor gene of the downstream target \[[@b14-medscimonit-25-1537]\]. In pancreatic cancer, colorectal cancer, liver cancer, breast cancer, gastric cancer, and other tumors, HOTAIR is highly expressed \[[@b15-medscimonit-25-1537]\]. HOTAIR is involved in epigenetic regulation, reshaping chromatin and promoting tumor metastasis \[[@b16-medscimonit-25-1537]\]. Recent studies have shown that lncRNAs can regulate cancer occurrence and progression by managing relative miRNAs expressions \[[@b17-medscimonit-25-1537]--[@b19-medscimonit-25-1537]\]. Some previous studies reported miR-454-3p is an anti-tumor factor suppressing cancer biological activities \[[@b20-medscimonit-25-1537]--[@b22-medscimonit-25-1537]\]. In our study, the data proved that HOTAIR was overexpressed and miR-454-3p was underexpressed in gastric cancer tissues, and that HOTAIR was negatively correlated with miR-454-3p in tumor tissues. Cell experiments showed that HOTAIR knockdown recovered gastric cancer cell growth, while inhibiting miR-454-3p. These results suggest that HOTAIR down-regulation stimulates miR-454-3p expression.

STAT3 is a major transcription factor related to cancer. The overexpression of STAT3 in cancer can regulate the expression of downstream genes \[[@b23-medscimonit-25-1537],[@b24-medscimonit-25-1537]\]. Cyclin D1 is the downstream gene of STAT3 \[[@b25-medscimonit-25-1537]\]. Cyclin D1 is one of the target proteins that regulate the stage of G1. As a proto-oncogene, Cyclin D1 participates in regulation of the cell cycle, and its overexpression is closely related to the development of cancer. Many studies have confirmed that Cyclin D1 gene is overexpressed in a variety of tumor cells, and by downregulating the expression of Cyclin D1 or inducing phosphorylation and ubiquitination, the tumor cell cycle can be blocked, thus achieving the goal of consistent proliferation of tumor cells and inducing cell apoptosis \[[@b26-medscimonit-25-1537],27\]. In our clinical data, we found lncRNA HOTAIR was positively correlated with STAT3 and Cyclin D1 proteins in gastric cancer tissues. In the cell experiments, the data show that HOTAIR knockdown has anti-tumor effects to suppress cancer cell proliferation by depressing STAT3/Cyclin D1 activity.

Conclusions
===========

In conclusion, HOTAIR knockdown had anti-tumor effects that suppressed gastric cancer cell proliferation by increasing cell apoptosis and keeping the cell cycle in G1 phase, with miR-454-3p increase targeted to the STAT3/Cyclin D1 pathway.
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![lncRNA HOTAIR and miR-454-3p expression in different tissues by ISH assay (×200). (**A**) lncRNA HOTAIR expression in different tissues by ISH (×200). \*\*\*: P\<0.001 *vs.* non-tumor tissues. (**B**) miR-454-3p expression in different tissues by ISH (×200). \*\*\*: P\<0.001 *vs.* non-tumor tissues.](medscimonit-25-1537-g001){#f1-medscimonit-25-1537}

![STAT3 and Cyclin D1 protein expression in difference tissues by IHC assay (×200). (**A**) STAT3 protein expression in difference tissues by IHC assay (×200). \*\*\*: P\<0.001 *vs.* non-tumor tissues. (**B**) Cyclin D1 protein expression in difference tissues by IHC assay (×200). \*\*\* P\<0.001 *vs.* non-tumor tissues.](medscimonit-25-1537-g002){#f2-medscimonit-25-1537}

![HOTAIR correlation with miR-454-3p, STAT3 and Cyclin D1 in gastric cancer tissues. HOTAIR was negatively correlated with miR-454-3p (r=−0.4893, P\<0.0001); HOTAIR was positively correlated with STAT3 (r=0.3416, P\<0.0001) and Cyclin D1 (r=0.3630, P=0.0001).](medscimonit-25-1537-g003){#f3-medscimonit-25-1537}

![The cell proliferation rate of difference groups by CCK-8 assay. (**A**) The AGS cell proliferation rate of difference groups by CCK-8 assay. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knocked down in the lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group. (**B**) The SGC7901 cell proliferation rate of difference groups by CCK-8 assay. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knockdown lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group.](medscimonit-25-1537-g004){#f4-medscimonit-25-1537}

![The cell apoptosis rate of difference groups by flow cytometry. (**A**) The AGS cell apoptosis rate of difference groups by flow cytometry. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knockdown lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group. (**B**) The SGC7901 cell apoptosis rate of difference groups by CCK-8 assay. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knockdown lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group.](medscimonit-25-1537-g005){#f5-medscimonit-25-1537}

![The cell cycle of difference groups by flow cytometry. (**A**) The AGS cell cycle of difference groups by flow cytometry. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knockdown lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group. (**B**) The SGC7901 cell cycle of different groups by CCK-8 assay. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knockdown lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group.](medscimonit-25-1537-g006){#f6-medscimonit-25-1537}

![The relative protein expressions of different groups by WB assay. (**A**) The relative proteins expressions of difference groups in AGS cell by WB assay. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR which were knockdown lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor which inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group. (**B**) The relative protein expressions of different groups in SGC7901 cells by WB assay. siNC -- transfection with negative control group; siHOTAIR -- transfection with siHOTAIR were knocked down in the lncRNA HOTAIR group; miR-454-3p -- transfection with miR-454-3p group; siHOTAIR+miR-454-3p inhibitor -- transfection with siHOTAIR and miR-454-3p inhibitor inhibited miR-454-3p expression group. \*\* P\<0.01 *vs.* siNC group.](medscimonit-25-1537-g007){#f7-medscimonit-25-1537}

![Luciferase reporter assay. \*\*\* P\<0.001 *vs.* miR-control.](medscimonit-25-1537-g008){#f8-medscimonit-25-1537}
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